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1859, in spite of the smaller number of carriers, because 
of the more continuous high mean temperature of tlie 
summer months. 

Elevation of temperature does not occur in England 
with the regularity and continuity necessary to maintain 
endemic malaria. When the necessary coincidence of 

carrier import.ation and high mean temperature occurs, 
h0t.h epidemic and endemic niala.ria may break out for a 
liniited tinic in liniited areas. Many other factors affect 
the disease, and t.he living conditions in England over 100 
j7eai-s ago nitiy have been more favorable to its incidence, 
but the t.emperature factor is essential. 

THE RATE OF ASCENT 

1;y C’apt. 33. 
[Signal Corps, W3:hitlgtr. 

The factors thnt control t,he rate of ascent. of pilot h l -  
loons may be divided into two classes: (1) Those tlitit 
relate to t.he kind a.nd urity of tlie gns used, d s o  to t.he 
shape, free lift,, rnn.twi3 and surface of the bi$!o(iii, wid 
(2) those that. re1at.e to tlie atmospheric: concli t.ions pre- 
vailing at  t,he time of tlie nscension, with pnrticulilr reIer- 
ence to temperature dist.ribut,ion ant1 air niovenisnt.. Tlio 
air density, viscosit,y, etc., arc considcrd only intlirect.ly. 

The factors included under t.hr first, cliiss may be stiiclicd 
within doors. Dines, Hergescll, a.nd ol,licrs haw nicide 
such studies. Some esperiments along this same line 
have also been macle by tlie Signal Corps, United Stntc.s . The fact stands out, however, t.hnt in spite of &zi painstaking work by a number of inrestigators 
satisfactory information relatire to the resistance en- 
countered by large spheres in motion through air is not 
yet available. 

The results of t.he experirnent,s made by t.he Signal 
Corps indicate that, for the sizes of the bdloons used, the 
air resistance to t.he motion of t,he bxlloons varies a.p- 
proximate1 as the 1.6 power of the speed and a.s t.he 

o ? these results and comparing t.1ir.m with observations 
made by the two-tlieodolite method a formula wns pro- 
duced that gave t.he rates of ascent for pilot balloons that 
were in better agreement with observed resu1t.s in the 
United States than any of t.lie forniulas heretofore used. 
An ob’ectionable feature, however, to the esperiment,s of the 
S’ ai Corps is that they were made by dropping weight.ed 
bxoons instead of allowing gas-filled balloons to  ascend. 

Since the cube of the diameter of R balloon is propor- 
tional to its volume and, therefore, np )rosimatc~Iy pro- 

ascending a t  a miform rate is equal to the air resistance 
of the balloon, the terms “ t,otnl lift” mid “fret? lift,” 
are used in the forniulas instead of the cnhc of the 
diameter and the air resist,tince, respect,ively. Formulas 
for the rate of ascent of l~ttlloons are: 

s uare of t. Tl e diameter of the balloons. By nitiking use 

portional to its total lift, and the free \ ift. of t~ hdlOoJ1, 

Dines. Rouch. Herewell. 

Where V i s  the rate of ascent,; K, I<,, and arc con- 
stants; 1 is the free lift, and 7. is the total lift of the 
balloons. The latest constant published for the Dines’s 
formula is 84: for the Rouch forniula 43. The value of 

in the Hergesell formula is not given hut a chart has f een published showing the rates of ascent of 1)alloons 
of various weights and free lifts. The Signal Gorp.;, a t  
first, adopted a value of 71 for the c.oastant of the hignal 
Corps formula. This constmt WRJ, a t  the h i e ,  tictu- 
ally computed to be somewhat greater than 71. Atldi- 
tional observations indic:itc thnt a constant of 73 fits 
the data in hand somewhat better and has, therefore, 
been use,d in tho latest work. 

A comparison of these formulas for balloons wcighing 
50 grams with free lifts varying from 0 b 300 grains is  
shown gra.phical1y in figure 1. 

OF PILOT BALLOONS. 

.T. SHEItRY. 

t I .  rj. c., IJW. 11, i a n ?  

It. is n iiiorc diIlicults mat tcr t h n  it is orcliiirlrily sup- 
posed to 1)c t.0 corn ,arc tlir rrites of uscrnt as giv-t.11 by 

Irw i r  1)y tlie two t.!ieoclo:itc n;et!icid. 
t l i r  forniulns with t I i r  cictii:d r:itvs tis rlrtcrniiiietl in tlie 

FIG 1. 

Observntions made in the TjTnit,ed States inc1icat.e that 
the r:itc d tiscent of a balloon may change considerably 
if t.hcre is a change in t.he shnpe of the bnlloon. It has 
been found t,liat t,he hmging of small weights to t.he 
neck of n 1)allnon usually increases it,s rate of ascent.. 
This is prohctbly due to tlie fact that balloons manu- 
fnctiired in the United 3tntt.s usuidly inflate to a sonic- 
what oblong sha e, the great.estr dinmcter being through 

t.0 the tire!< of the balloon ctuiscs t.he I)alloc,n to ascend 
vvit,h i t s  sniilllest cross sec.tion perpendicular to its 
direc t , im of mot.ion nnd thus with the least resistmice 
for its size and speed. The hanging of weights to the 
iieck of the balloon also teiids to produce a st.reamlinc 
body and the reeistaiice to the motion of t.lis billloon is 
thus fiirt,liw decrensecl and the r:? te of ascent thus 
iiicrcaseil. 

It wiis also found that the ratc of ascent wa.s furt.her 
increased if t.he balloon wn.s fastericd into t.he lnrge end 
of 11. paper conc. The balloon thcii ascended with the 
invert,ed cone hsnging clownwn.rd, thus holding the 
smallest. cross-section wea of t.lie balloon perpendicular 
to its direction of motion ant1 at  the same time pro- 

tlie neck of the P ~alloon. The hmging of snit111 wrights 
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Won$ winds f m m  than 10 m. p. s., 
all altitudes). ..................... 

Noon t l i  3 p. m ...................... 
Winds inmeasing,with altitude (at 

least 10 m. p. s. increase). ......... 
Clear d61.s ........................... 
Nnt more than 5 m. . s. increase in 

wind spced with a h d e . .  ........ 
Belore 9 a. m ........................ 
After 3..W p. m. . .  ................... 
Cloudy days (5/10 to 10!101ow clouds) Windnolmorethanem. .%atany 

altitndareached bybsfoons ...... 

ducing a body that was approximately streandine. I t  
is, therefore, cvideiit. that the distortion of t.he ahnpo of 
a balloon will affect its rate of ascent, and few balloons 
remain perfectly spherical during in fla.tion or during an 
ascension. 

The accompanying ta,ble shows how the rate of ascent 
of ilot balloons vtiries wit.11 atniclspheric condi tioils arid 

cent for 1135 hlloon nsrcnsions made at v:irioiis sta- 
tions we considerecl. These tiscerisioiis were selcctcd 
from about 300 made with niore than ordinary ca.rc. 
Asccnsions havtt not been considered where thcrc WI.S 
reason to cluestion t,lie accuracy o€ the dt1t.n nncl d l  of 
the ascensions used were etwh observed for mort’ than 
10 minutes, obsersat.ions of t.he halloon’s positions 
bciiig niade every minu t.e diiring t,he asccii~ioiis. The 
average diflerencc of observed nltitucloa a.t t.hc end of 
the eriods indicated in minutes from t,liose compnted 

the formuTa rate. This niethocl is used because it en- 
ables one to compare more readily rtsconaions mtitle 
with balloons differing slightly in weight nrid frcc lift. 
Figures preceederl by t.he minus sign mean t.hat t,he oh- 
served rate was less mcl figures w1 th plus signs brforc 
them mean t.hat the observed rate WIS greater thnn 
the formula rate. 
TABLE I.--Compar.isoii of o6aeri.d nlrititdcs rPndfn icpitlt conrpictcrl nlti- 

tu& at eiid ojiituted pnaods q i r f m d  it& writtiitfs. 

wit F 1 the different hours of the d2.y. Tlic rntrs of nci- 

bv t. R e Sianal Corps forinuls is given in pwcent.qge of 

- 

+32 +W 
+%I +22 

+26 +21 
+?I +I7 

+?j +9 
+22 +13 
+13 +I2 
+22 +6 

+l; +9 

I l l 2  

Atmospheric conditions. 

.- 

t 2 5  

t19 
t 1 3  

+6 

t18 

-_ - 
+27 +I3 

+16 +12 
+ l I  +8 

+6 +2 

+16 i +10 

- 

3 

- 

t% 
t21 

+21 
t 15 

+8 
+ S  
+11 
+8 

+5 
- 

15 

_. 

+S 
+7 

+S 
+6 

+1 
+s 
+4 

-1 

.... 

- 
It will be seen in the table that during the first five 

minutes of an ascension. the balloons usually ascend 
faster than the Signal Corps forniula indicates the 
should, regardless of the atmospheric conditions. It wif 
also be noted t,hat the balloons ascend faster during the 

revalenco of stron winds than under other c.ondit,ions. 
!he balloons ascenf fast also durin the part of the day 
when convection is strongest. tompared with all 
ascensions considered, the rate of ascent for the first 
five minutes is relatively slow on days &en the wind is 
light. 

It happens occasionally that a balloon will ascend 
regularly for R time and then change its rate of ascent 
and continue for a time at the new rate. The cause, 
at  least in part, of these changes in rate of ascent appears 
to be that at points where the rate of ascent changes the 
balloon enters an air stream movin in a different direc- 

density and of a different degree of turbulence from that of 
the air below. The observations show clearly that a 
change of wind speed or direction occurs where the rate of 
ascent of a balloon changes. 

From the data in the table, one is inclined to attribute 
most of the increased rate of ascent near the ground to 
turbulcnce of the air, inasmuch as days upon which the 

tion or at a different speed, possi % ly also of different 

greatest air movement t.alces place, the balloons ascend 
at thc greatest speed. Ascensions made when there were 
5/10 to S!lO cumulus clouds present did not show an 
excessive rate of ascent for the first five minutes, but on 
the contrary showed about t,he same rate as that indicated 
in the t,ahle for cloudy days. I t  is robable, however, 

days than on chps when cumulus clouds are present. 
The table intlicttt.cs t,liat t,he effcct of weather conditions, 
that is wind m t l  insolation, is conhed mostly to the 
lower levck 

An effort has been made to check the accuracy of the 
Signul Clorps forniuln. I t  is obvious that if one uses a 
forinula t,lint nssunies a constant. rate of ascent it is 
inipincticable to t.nke into account the excess rate of 
ascent in the lower itir levels. If the formula is based 
on t,hc rntc of ascent, in relatively st.il1 air it  is probable 
t.li:rt it  \vi11 awree fairly well with t.he rate of ascent as 
o’bservecl in t.fic uppcr air levels, but will give rates too 
slow for the lower levels and consequently all the alti- 
tudes coniput,ecl from such a formula under avera.ge free 
air condit.icms, will be somewhat low. 

The following hble shows t,he average difference 
of actiid nltit,utles, a t  the end of periods indicated in 
niinut.es, froni those computed by the Signal Corps 
formula for bnlloons of various free lifts. This difference 
is espressed in percentage of the formula rate. 

t,lint there is grcat,er turbulence near t f le ground on clear 

TABLE 3.-C‘onaporisoia o observed altitudes reached with eomprcted alti- 
tiLdt’8 at cnd ohtnted periods expressed in vrin.utes. 

20 ......... 7 
101-125 ........ 19 
125-150 ........ a 
151-175 ........ ..... 9 
17’6200 ........ ..... 1R ........ ..... 

........ 
- .- 

It is probable thnt no entirely satisfactor formula for 

Near the surface of tho earth the rate of apparently 
similar bnlloons will sometimes differ RS much as fifty per 
cent nncl thc hslloons usually ascend faster than any of 
the foriiiulas indicate they should. They do not ap ear 

spurts. 
A€ter the balloons reach an altitude of approximately 

1,000 meters the rates of ascent a.re usually much more 
uniform ancl there is hattcr agreement in the observed 
rates with the rates inc1ica.te.d by the forniulas. There is, 
however, so much irregularity in the behavior of the 
balloons in free air that it is not safe to give very much 
weight t o  any individual ascension made with one 
theodolite. 

When great nccurtwy. is dt+recl observations should be 
made w-i th two theodolites, if pract.ica.ble, and especially 
is this true when the ohsorvntions are confined to alti- 
tudes less thnn 3!000 meters above the ground. There 
are, however, very practical remons why I t  is not always 

ossible to use two theodolites and, therefore, a method 
gy which ohsrrvations may he made with one theodolite 
is 11ecessiEI.y. 

the rate of ascent of pilot balloons will K e produced. 

to ascend with n uniforni rate but by a series of s ! ort 
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I &it. I dnt. 1 Cent. ch.. I &nt. 

I 
Without corrections 17s 3?1 1 0  6% 
Withcnrreutions ........ 1 ii I 212 1 389 1 GI6 I 700 

' 
...... 

To obtain the highest degree of accuracy in pilot hal- 
loon work it is believed that a standard rate of ascent 
should be adopted for both one and two theodolite work. 
All balloons used should he na near the same weight. nnd 
shape as it  is practicable to obtain. They should he 
inflated so as to cause them to ascend at the stnnclnrci 
rate. A balloon weighing 30 grams inflated so as t o  give 
it a free lift of 132 granis will, it is heliond, be found to 
be a convenient combination to use. Such a. hnlloon 
should ascend at the rate of approximntely 183 nictors 
(600 feet) er minute. The use of l~alloons of the sanii! 
weight an z the same free lift has the effect of eliniiiiatiiig 
some of the possible sources of error ninde in computing 
the results of tlie ascensions. Observers nin.kinp twi 1- 

theodolite observations will heconie f nniilinr with t h  
conditions that produce vnrintions from tho c?spectctl 
rate of ascent of the balloons and it is belicvecl t1ir.t ulti- 
mately desirable dnta on this problem n i q  hu collected. 
Increasing considerably the free lift of a bdloon n h o ~ r  
132 grams does not increase the rate of ascent sufficienbly 

the additional expense involved in securing 

' fo  compensate for the increa.ae of rate in the lower 
levels, certain corrections m1i.y he introduced in the cnm- 
utations of the altitude of the balloon clurin the first 

balloon ascensions made in the United States the com- 
puted altitudes of the balloons agree best with tlie actual 
altitudes if the rate of ascent as indicated hg the Signal 
Corps formula be increased by PO per cent for tho iirst 
minute of the ascension, 10 per cent €or the second and 
third minutes, and 5 per cent for tlie fourth nnd fifth 
minutes, respectively. A long series of observations 
will probably indicate that nn incliviclud srrics of vorrrv- 
tions should be used for each sttition, and. ns Tal>lo 1 
indicates, these corrections wry far thc cliff srenk 1inui-s 
of the day and for the different weather conditions. 
However, it is evident from an esamination of tho dnta 
in Tables 1 and 2 and it is shown also in Table 3 that tlie 
introduction of these corrections for the first fire niinut.es 
of the ascension iniproves the accuracy of one tlicodoli te 
observation. 

Table 3 shows the agreement of one-theodo1it.e obser- 
vations with two-theodolite observations with nnd with- 
out the corrections named above. 

lar to '""3 er b loons. 

-R ve minutes of the ascent. I t  hns been founc 7 thn.t for 

cent. I vations. 

1; 1: 701 

With- With- With- With- Wlth- Inex- Num- 
in 2 in 5 in 10 in 25 in 50 cess of ber of I ncr 1 ner I per I v:r 1 ner I 50ner I obrer- 

With- 
in 1;) 
per 

cent. 
- 

With- 
in 25 
per 

cent. 

Table 4 indicnt,cs the agreement of one-theodolite 
observstious with two-theodolite observations and, there- 
fore, the degree of accuracy that nirty be espected from 
ono-theodolite observations. 
TABLE 4.-Shoiuinq how single-theodolite observations agree urth double 

theohlate obssrvataons. ni.nde nt .four stntoom. 

1 ........................ 
2..  ...................... 
4 ........................ 
4.  ....................... 
5 .  ....................... 
In ........................ 
1J ........................ 
PI I. ....................... 
23.. ...................... 
ai ........................ 
3:. ........................ ........................ 1 .1lJ 

Tntal. .............. li9 I 433 !711,106 I--,-: I 

12 I 
71 
19 I 
17 
18 
2s ' 

1s 
24 
13 
11 ' 
9 
3 ;  

30 
3lj 
39 
41 
49 
6s 
54 
42 
30 
23 
15 I 
4 1  

11s 
136 
144 
1.10 
145 
1 s3 
105 
62 
4G 
30 
20 
8 

1.16 
157 
159 
160 
163 
15s 
106 
61 
46 
30 

S 
1.214 

m 
- 

More 
than 50 
per cent 
differ- 
eme. 

4 
4 
4 
2 
1 
0 
D 
0 
0 
0 
0 
0 

15 
- 

Num- 
ber of 
obser- 

vations. 

150 
161 
163 
162 
163 
158 
106 
62 
46 
30 
20 
8 

1,229 

In prepwing the above tables it was assumed that 
obseivations made with two theodolites were correct, and 
where the one theodolite computations gave different 
rmilts it) WRS nssumcd that the one theodolite method 
was in error. It is recognized t,hnta this assuiii )t.ion may 

t.heodolites were uscd, altitudes computed from the three 
base lines were in very good agreement, usually within 
4 per cent,. 
X number of ascensionswere niade with three to five 

hdloons, each of the smie free lift, tied together. The 
results are not coiiclusivc, but, these groups of balloons 
appeared to ascend at  a somewhat more nearly constant 
rat,o and at  about the same rate as the average rate of a 
number of individud balloons of the same freo lift. 

he qwst.iaiic?tl. However! in sevcrd cases w i en t h e e  

SOME RECENT PAPERS ON THE RATE OF ASCENT OF PILOT BALLOONS. 
(Abstract and discussion.) 

By W. R. GREGG. 

In  1917 R. Wenger advanced the theory that varia- 
tions from average rates of ascent of pilot balloons are 
caused by turbulence of tlie air. t.his turhuleiice being clue 
to. various factors, including topographic irregularities, 
insolation effects, and marked changes in wind direction 
or speed as increasing altitudes are reached. A s  a corol- 
lary he states that the obscrved variations in rates of 
ascent can not be accepted as indicating the ]>rosence of 
ascending or descending currents in the atmosphere, but 
rather that they constitute R direct nieasuiwment of the 
degree of turbu1enc.e therein. This Iyiew is quite. at  
variance with that coniinonly held before Wenger's 1. la 1 )er 
was published. 

. Recently there have ap eared in Xutwrt two notes in 
which issue is taken with keiiger's conclusions. Iii the 

first Van Bemmeleii 1)rcsent.s results based upon t.hree 
vciy conip1et.e sqries of observabions at  Batavia, Bandung, 
aid on a ma l l  coral island in t,he J a n  Sea. Insolation 
\\-as very active at  the first two places, but. negligible a t  
the third. The results show at. the land st,ations a 
marked increase in ascent in t,he first. kilometer during 
tlie daytimr!, this hicrease being greatest between noon 
and G p. in., and no increase whatever at  night; at  the 
small island station there was no variation either day or 
night. Van Bemnielen coiicludes, therefore, that varia- 
t,ioiis are due alniost entirely to ve,rtical c.u.rrmts, more 
especially sinco in his observations there wwis rarely 
€ound a velocity as high as 15 in. p. s., above which, ac- 
cmording to Wengw, tlie effect.s of turbulence heconie most 
pronounced. [Wenger states that a ?i.cpu turbulent state 

I Die Bteige ahwindigbit der Gummihallone nnd die Turhulencin der Atmclsphiire. 
Aonakn der &dro,lraphie und Maritimen Meteorologie, lBli, 4 5  121-137. 

* High Rates of Ascent of Pilot Balloons, Nalurc (London), June 17,1920, pp. 455-456; 
abstr. in Sei. Ab. ,  Dw. 30,1920, pp. 614-615. 


